Graphene-based polymer smart nanomaterials by 董军
 
 
学校编码：10384                             分类号        密级        






博  士  学  位  论  文 
石墨烯基聚合物智能纳米材料 




指导教师姓名： 戴李宗 教授/博导 
              翁 建 教授/博导 
 
专  业 名 称：高分子化学与物理 
论文提交日期：2012 年   月 
论文答辩时间：2013 年   月 
学位授予日期：2013 年   月   
              答辩委员会主席：                
              评    阅    人：             






















A Dissertation Submitted to the Graduate School in Partical 


































另外，该学位论文为(                            )课题(组)
的研究成果，获得(               )课题(组)经费或实验室的资助，





























(     )1.经厦门大学保密委员会审查核定的保密学位论文，于  
年  月  日解密，解密后适用上述授权。 






声明人(签名)：       


























(1) 以天然石墨为原料，采用 Hummers 法制备氧化石墨烯，以硼氢化钠为还原
剂制备还原石墨烯，采用 UV-Vis、XRD、XPS、FT-IR、Raman、SEM、TEM
和 AFM 等手段表征所制备的两种石墨烯，结果表明所得石墨烯为单层，尺





















































Graphene has received considerable attention in recent years because of its 
special properties such as 2-D carbon sheet structure, quantum size effect, surface 
effect and special affinity for biology molecules. These unique properties make 
graphene suitable for many applications. Smart materials also have received more 
attention for their novel properties. Much research efforts have been devoted to the 
preparation of graphene based smart nanomaterials. The functionalization of graphene 
and synthesis of graphene-based smart nanomaterials for improveing the performance 
of smart materials have attracted extensive attention, and remain a great challenge. 
In this thesis, graphene has been modified to prepare different smart 
nanomaterials, and the relation between the content of graphene and the properties of 
smart materials also has been studied. The major results of the thesis are outlined as 
followed: 
(1) Graphene oxide (GO) was synthesized from natural graphite by a modified 
Hummers method. Reduced graphene oxide (RGO) dispersion was prepared by 
the solution-based route using sodium borohydride as the reducing agent. UV-Vis、
XRD、XPS、FT-IR、Raman、SEM、TEM and AFM were used to characterize the 
as-prepared graphene. The result showed that the as-prepared graphene sheets 
were generally single layer. The sizes of the as-prepared graphene were in the 
range of 100 nm~4 μm, and the sp
2
 carbon network of graphene was restored 
after reduction. 
(2) N-isopropylacrylamide was grafted on graphene by free radical polymerization to 
produce a series of graphene-poly(N-isopropylacrylamide) hybrid materials with 
different contents of graphene. The lower critical solution temperatures of the 
resulting materials had been investigated by ultraviolet-visible transmission 
spectroscopy. The result showed that the lower critical solution temperature of the 
















and could be tuned to the human body temperature (37 °C) when the content of 
graphene was in the range of 10% to 30%, which was very important for 
application of the hybrid materials in biomedical field. The result was ascribed to 
the high surface area of graphene that could graft a large amount of PNIPAM 
molecules and the immobilization of one end of PNIPAM chain on the surface of 
graphene. To further understand the effect of graphene on the lower critical 
solution temperature of poly(N-isopropylacrylamide), atomic force microscopy 
has been used to trace the morphology change of the hybrid materials in solid 
state with the temperature increasing from 33 to 40 °C. 
(3) Acrylamide and acrylic acid were grafted on graphene by free radical 
polymerization to produce a series of graphene-poly(acrylamide-co-acrylic acid) 
hybrid materials with different contents of graphene. The materials demonstrated 
a shape memory effect and self-healing ability when the content of graphene was 
in the range of 10-30% even though poly(acrylamide-co-acrylic acid) itself had 
poor shape memory ability. The permanent shape of the materials could be 
recovered well after 20 cycles of cut and self-healing. The result was attributed to 
the hard-soft design that could combine nonreversible “cross-link” by grafting 
copolymer on graphene and reversible “cross-link” utilizing the “zipper effect” of 
PAM-PAA to form or dissociate the hydrogen bond network stimulated by 
external heating. 
(4) Conventionally, the current photonic crystals possessed ordered patterns and 
charming optical properties only in a solid state and could not maintain these 
properties in an aqueous solution. It had been found that the photonic crystal of 
graphene modified with polymers could stably be dispersed in an aqueous 
solution. In contrast to the black graphene, the lightful blue was observed for the 
photonic crystal of graphene functionalized with polymers. The solution photonic 
crystal would change from blue to white very quickly when trace benzene (1 
ng/mL) existed with slight shake. Our work illustrated the concept of 
graphene-based solution photonic crystal and its potential application in benzene 
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